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Optimal initial therapy is timely and successful reperfusion to maximize myocardial preservation and salvage, with primary percutaneous coronary intervention (PCI) for STEMI being a prime example. This is followed by aggressive pharmacotherapy to preserve the gains of initial reperfusion therapy and the prevention of subsequent adverse left ventricular (LV) remodeling. In cases of MI where reperfusion therapy has not been instituted or is incomplete, a key question is whether the presence of resting mechanical dysfunction displayed by myocardium subtended by the infarct-related artery reflects predominantly scar or viable tissue (e.g., myocardial stunning). An accurate distinction appears useful for assigning prognosis and guiding further revascularization procedures. 2 Measurements of myocardial glucose metabolism with PET and 18 F-fluorodeoxyglucose (FDG) and myocardial scar with MRI and delayed gadolinium contrast enhancement (DCE) are generally accepted as the two most accurate approaches for detecting viable myocardium. However, the accuracy of these techniques, while high in patients with LV dysfunction due to chronic CAD, diminishes significantly in patients evaluated early (*1-2 weeks) following a MI, independent of the institution of reperfusion therapy. 3, 4 In the case of PET with FDG, marked variability in myocardial glucose metabolism in the early post-MI interval that is exacerbated by the presence reperfusion and the occurrence of post-inflammatory conditions that result in the myocardial accumulation of glycolytic proinflammatory cells are the likely contributors to the reduced accuracy of this method. 5, 6 It is well established that MRI with DCE overestimates the extent of myocardial scar in the early post-MI interval likely due to the effects of myocardial edema. 3 The perfusable tissue index (PTI) is another approach for detecting myocardial viability. This index reflects the fraction of the myocardium that is capable of rapidly exchanging water, or said another way that is perfusable by water. It is posited that viable myocardium can exchange water, whereas myocardial scar or nonviable myocardium cannot. 7 The PTI represents the water-perfusable tissue fraction (PTF, g/ml) defined as the fraction of the water-perfusable tissue divided by the anatomic tissue fraction (ATF) within a given volume of region of interest. All of the necessary data to calculate PTI can be obtained from a PET/CT with 15 O-water. In addition to measurement of myocardial blood flow (MBF), measurements of PTF, and the arterial and venous blood volumes are obtained from the 15 O-water data acquisition. The ATF is determined from the CT attenuation image corrected for the arterial and venous blood volumes measured from the 15 O-water data. 8 Thus, a PTI value close to unity would be expected for a region of interest containing normal myocardium with a progressively decreasing value as the amount of nonviable myocardium or scar increases. Because PTI references the amount perfusable tissue relative to a total myocardium, it is also indicative of the total amount of viable myocardium (or conversely scar) within a myocardial segment exhibiting mechanical dysfunction. The results of numerous studies have demonstrated the accuracy of the method for detecting viable myocardium in patients with LV dysfunction due to chronic coronary disease. [9] [10] [11] Limited available data would suggest PTI may be equally accurate in patients early after MI and thus provide an advantage over PET with FDG and DCE measured with MRI in this patient population. 7 In this edition of the Journal, Teunissen and colleagues compared the accuracy of PTI with MRI-derived DCE for identifying viable myocardium in patients with STEMI treated with successful PCI. Although in this patient population, the detection of viable is not of critical importance since the infarct-related artery is already revascularized, it permits assessment of these imaging techniques to identify viable myocardium (e.g., recovery of systolic function) without the confounding effects of intermittent or persistent ischemia. The patients consisted of primarily nondiabetic males who presented with their first STEMI and underwent successful revascularization (TIMI-3 flow in 95% of patients) an average of *2 hours after the onset of symptoms. At 4-6 days and *3 mos post-MI, PET/CT with 15 O-water and MRI with noncontrast and postcontrast methods was performed. The PET measurements included MBF and PTI, with the latter based on measurements of PTF and ATF. The MRI measurements included LV volumes, LV ejection fraction (LVEF), regional systolic wall thickening (SWT), DCE, and microvascular vascular injury (MVI). The latter likely reflects a no-reflow phenomenon due to a host of factors such as vasoconstriction, myocardial cellular edema, capillary endothelial cell swelling, and distal microembolization of atherosclerotic debris as well as hemorrhage and is a predictor of LV remodeling and poorer prognosis. [12] [13] [14] The myocardium was divided into 16 segments within which measurements of MBF, PTI, DCE, and MVI were performed. These measurements were also extrapolated to provide a comparable measurement for the entire left ventricle. Myocardial segments were classified as remote from the site infarction (normal function without DCE) or dysfunctional (SWT \ 3mm) measured on the baseline studies. Of those dysfunctional segments, *70% exhibited DCE and co-localized with the territory of the infarct-related artery. These segments were defined as infarcted myocardium with subgroups classified as viable or nonviable based on the presence or absence of SWT C 3mm at 3 mos, respectively.
Overall, PCI was successful as evidenced by average initial LVEF and LV volumes within the normal range that did not significantly change at follow-up.
Early post-MI, PTI of viable segments averaged 0.94 and was significantly higher compared to nonviable segments (0.80). This difference was consistent with the lower values for DCE and MVI (26% and 29% segmental extent, respectively) in viable compared with nonviable segments (59% and 45%, respectively). Of note, MBF did not differ between viable and nonviable segments. Based on area under the curve (AUC) analysis PTI and DCE were equivalent in predicting recovery of segmental function and both were superior to myocardial blood flow. Based on optimal cut-offs derived from AUC analysis, a PTI of C 0.85 exhibited a sensitivity, specificity, positive predictive value, and negative predictive value (NPV) of 85%, 72%, 67%, and 88%, respectively which compared favorably (although not statistically significant) with a DCE of \ 32% which exhibited values of 72%, 69%, 58%, and 80%, respectively. With respect to global function at baseline, PTI C 0.85, infarct size by DCE, the presence and extent of MVI were all predictors of baseline LVEF. Based on multivariable analysis, the extent of MVI was the strongest and single independent predictor of baseline LVEF. In terms of recovery of global LV function, PTI was the only variable that significantly correlated with improvement of LVEF on univariable analysis.
Based on these results the authors correctly conclude the PTI method is an attractive approach for assessing myocardial viability in post-MI patients because of its high NPV, relatively simple and short image acquisition and processing and the very low radiation burden imposed by the study. Although requiring further study, the data suggest that PTI may be superior to DCE for predicting recovery of regional mechanical function in this patient population. As mentioned previously, viability detection is not typically needed for the patient population studied because they underwent successful primary PCI. However, it may be desirable in MI patients who present late after the initial event or where thrombolytic therapy is unsuccessful and subsequent revascularization is contemplated. Thus, techniques such as PTI would be of clinical utility. That being said, the advantages of PTI are significantly offset by the need for an on-site cyclotron and to a lesser extent the more limited availability of PET compared with SPECT, MRI, and echocardiography. Consequently, these disadvantages as well as the lack reimbursement for clinical 15 O-water imaging in most countries, including the United States, make it unlikely the method will achieve more widespread clinical use.
However, the results of this study have made an important observation that is highlighted in Figure 4 . That is, despite timely and complete recanalization of the infarct-related artery that resulted in at least 85% viable myocardium (PTI C 0.85) and the institution of standard post-MI pharmacotherapy, *25% of patients still exhibited a decline in LVEF at 3 mos. Moreover, many of these patients had a normal LVEF at baseline. Said another way, this subset of patients exhibited adverse LV remodeling. At first blush, the reader is left with question how can this be? It is generally understood LV remodeling post-MI typically occurs in those patients with reduced global function (LVEF\40) or an extensive myocardial scar, particularly in the anterior distribution. 15 Indeed, it these patient groups in whom long-term inhibition of the renin-angiotensin system is recommended. However, these data are consistent with the results of prior studies. For example, in post-MI patients undergoing reperfusion therapy, *40% of dysfunctional myocardial segments without evidence of DCE failed to exhibit complete recovery of function. 16 Taken in sum, these observations highlight the importance of other biological or mechanical determinants, beyond the extent of viable myocardium, on long-term LV function, and ultimately the prevention of adverse remodeling, even in cases where global LV function is initially preserved. Indeed, they are consistent with the known biology of post-MI LV remodeling which reflects perturbation in the key inflammatory and fibrotic components of myocardial repair. 17 The challenge now is to develop the appropriate panel of biomarkers to accurately identify post-MI patients at risk for adverse LV remodeling. Although elevated plasma biomarkers such as measures of pro-inflammatory monocytes, matrix metalloproteinase activation, or apoptosis are associated with adverse outcome post-MI, they only identify a potentially high-risk patient. [18] [19] [20] It is likely molecular imaging approaches will be needed to accurately localize and quantify the key biological processes which contribute to LV remodeling particularly those sited within the infarcted tissue and its border zone, the latter which represents viable myocardium. Furthermore, the extent to which these molecular processes work in synergy with structural and mechanical determinants of adverse remodeling will need to be determined. Once available, a more complete story of the potential for LV remodeling in post-MI patients can be told.
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